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LIU Sheng?

Abstract A thermal resistance model for junction temperature calculation of a plastic dual in-line
packaging (DIP) was presented. The model was established based on the heat transfer paths in the
DIP. Every thermal resistance can be calculated by simple analytical expressions, which is different
with other models by experiments or numerical simulations. Comparing the junction temperatures
calculated by the model and the results obtained by simulations, it is found that the relative errors
between the two methods are in the range of +10%.
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Fig. 1 Structure of a plastic DIP mounted on PCB
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Fig. 2 Thermal dissipation paths in DIP mounted on PCB
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Fig. 3 Thermal resistance network for plastic DIP
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1.3 'H-; RPa
Rpa TR —A 2 R TR XU Yot Ui 48 A A AR A
HPH. REMEME L, Rea H

T,-T,

R, )

(7)

T, REDFHTHEE, T, AFEREE.

M 6 FiR, ZRBENE Gy PCB B A
MBI B TR . XA IR PCB
—f iR, HERERE XK THRESH
AER R X Y KA P-4 8 A 2R/, BF AR LA
WIWHRIEALT PCB . SR 4 MR 5 A 3
BPrER M PCB L FRERM. FMH, Re. ATLIA
AR ZRBERERHTRRMELIFEE. R, Ry

AR PCB L TE4r a3 .
IR
A o ! o
0 g W ===
———— "0, :ﬂ‘,ﬁ: 0
= =
Rea  ghap

by ———
_ SN

E 6 RPa ‘H‘ﬁﬁ' ﬁ E
Fig. 6 Analysis chart for Rp, calculation

R s

PCB A H I RERCHEE, t1,t2. &
PCB L FREXMMBEHARIHEEHERT, BAL
THBGHFXIR, BT ¢ =to. £ PCB L TRER
RERRPABHEAT, FRER ¢ =t (BE, I
B T SR A e 2 R BN R — M ] ot
TR, TR MBI R EBCH

hiAg + hp Ay

8
A+ Ay ®)

hequ =

Ai, Ay K ETREXMFHAER,

G

2c

L,

T

N
[

'/’

\_
AW

5| IfEPCB L

Y HREE
‘ PCB
Xe

X

& 7 DIP {47 PCB MM B R&BMHR T
Fig. 7 Location of DIP mounted on PCB
and device dimensions

BEFNE TR EERNBI R 255
AORASCER [7] PRFEBRRERENTHRE. A
7 4 DIP /887 PCB Li4EWME . Lo B5IHIE H
B, (zc,yc) & DIP JLf+.07E PCB L& W%
Ve, B 7 HE AT KSR TS RBE N

@:Z@ (9)
0; 4 0i(z,y,0) 7 A; KB BIW T RIEE,

RAEHHETSE K (7.
BT A 51 R P41 R

(10)

BETIARENTHEE, REX (7), R M Ry
A
Rt = Rb =

Q AFE5IMFA PCB WERE, HHPANE—
5% PCB % BH%E, FURK (9) F Q 2BH
#, BEIWRM R 1 Ry A{X5 DIP, PCB ##R
THRSEMRHREAN.
RIEE 6 Bt EAT, Rea HHMT
R,

Ra, = 7 (12)

(11)

Ol =l

14 11"/ Ry,

Ry BB RIEY BRAMA — RN f1, 5
ZIENF %M Muzychka % 1 BRP HHRMETE
AWHREGAF, TERKRSIRERLRFHEHK
HICHR 7] PHEREA LR R



306 I B & 9 B 2 #

32 %

FRHRIE R SRR R T BB
FTHE 3 REMETEDL R WRRE. SIZER
faF PR B MF T RERE R TFERE,
FRHN FLHKRE hequ-11 H

hequ—Ll =

1 1 1
+ 4ed (13
<Rmbo + Rmboa  Rr2 + Ria RLh) / (13)

FRAERE, SIS HAET DT (R
SRS ENE 8 i)

Ry, = 1 i sin®(ady,)

2a2cdky, — 3

1 X sin?(bA,)
2b2odkLZI JE

Z Z sin?(ad,,) sin (b, ) .
a2b2cdkL 62 X ﬂm n

ﬁ:‘:, 5m\ /\n\ ,Bm,n\ W(C) B‘Ji‘l‘ﬁﬁf%a‘?iﬁk [7]’ kL
RIIRESRRY.

< o(Om)+

(An)+

¢(Bmn) (14)

\%g

2d

B 8 FISMESMRTHRSHK

Fig. 8 Dimensions and thermal parameters of leadframe
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Table 1 Dimensions of the plastic DIP

DIP £# "5 R
K ¥ /mm 2d 19.035
F B (mm) 2 6.35
LEEAHEMEEE /mm tm 1.65
LREABHEMBEE/mm tmbo 1.65
iR /mm 2a 4
2b 4
5| ZHERE /mm Le 0.25
Ly 0.45
B|]£%/mm L 1.95
Lq 0.49
Lo 1.625

PCB #R-F4 100 mmx100 mmx1 mm, DIP
WEE PCB H.0HE PCB i1F4T. HERE N
20°C, DIP i ATh&E ¥ 0.8 W, &R DIP
1 PCB M S RAREMBELHFENABRER: &
WA E, 03 W/(mK); PCB, 5 W/(mK); &
R, 147 W/(mK). 515 RER S RREAM BT
BRI R X ERR I A B ARF 2L
B, F—AHNEMR: S5 RESRARTATE
b 100~400 W/(mK), %K% 50 W/(mK), i
REK M RBRRECH 5 W/(m? K), FEHMKM
& SN RESRRE 200 W/ (nK), FTER
E X R R B B 1~10 W/(m? K) WA,
HEH 1 W/ (m2K), ACRA MATLAB AR5
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Table 2 Results obtained under thermal
conditions group I

kp/W/(mK) Tm/K Tsimu/K 0m /K Osimu/K €/%

50 358.370 360.874 65.220 67.724 -3.70
100 345.056 348.294 51.905 55.144 -5.87
150 340.508 343.824 47358 50.674 —6.54
200 338.210 341.509 45.060 48.359 —6.82
250 336.824 340.087 43.674 46.937 -6.95
300 335.805 339.123 42.745 45973 -7.02
350 335.23 338.425 42.080 45.275 -7.06
400 334.731 337.896 41.581 44.746 -7.07
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Table 3 Results obtained under thermal
conditions group II

b, hp/W/(m2K) Tw/K Toimu/K /K Bsimu/K /%

1 376.488 380.879 83.338 87.729 -5.01
354.687 359.028 61.537 65.878 -6.59
346.351 350.345 53.201 57.195 -6.98
341.533 345.165 48.383 52.015 —6.98
338.210 341.509 45.060 48.359 -6.82
335.693 338.691 42.543 45.541 -6.58
333.672 336.403 40.522 43.253 -6.31
331.988 334.480 38.838 41.330 -6.03
330.548 332.826 37.398 39.676 -5.74
329.292 331.378 36.142 38.228 -5.46

WO oL 3 O Utk w N

—
o

BRGETESRFER. R (1) B 100 5i+#E, R
(10), (14) FEBZEMTHCH 100, WE R A
10000 I ,

HEZERFTE 2, #3, Tn, Tsm FHER
BRI B ERNTERRINE SR, REEX
& o

¢ = m = bsima 1000 (17)

simu

Ora, Bsiemu 53 R A BB B0 i Pry
REE.

3 & ®

AR RERETE T HARRF T —F
¥ DIP B4R, RANHBRKSA RS
P & TEUERBTT RS R, WEMNRE
INF £10%. Brbh, 2T AR B it T

## DIP  F4i. BAMA P& — AT HS
B, ZEBRRA-FRRIAZWE FRENEER
Rk, Mt RatE .

& % X &

(1] Bar-Cohen A, Elperin T and Eliasi R. ;. Characteriza-
tion of Chip Packages-Justification, Limitations, and Fu-
ture [J]. IEEE Trans., CHMT, 1989, 12(4): 724-731

[2] Rosten H I, Lasance C J M, Parry J D. The World of
Thermal Characterization according to DELPHI-Part I:
Background to DELPHI [J]. IEEE Transactions on Com-
ponents, Packaging, and Manufacturing Technology-Part
A, 1997, 20(4): 384-391

[3] Lasance C J M, Parry J D, Rosten H I. The World of

Thermal Characterization According to DELPHI-Part II:

Experimental and Numerical Methods [J]. IEEE Trans-

actions on Components, Packaging, and Manufacturing

Technology-Part A, 1997, 20(4): 392-398

Lasance C J M, Vinke H, Rosten H, et al. A Novel

Approach for the Thermal Characterization of Electronic

Parts [C]//11th IEEE Proc SEMI-THERM Conf. San

Jose, CA, USA. 1995

Tal Y, Nabi A. A Simple Analytic Method for Convert-

ing Standardized IC-Package Thermal Resistances (fja,

6ic), into a Two-Resistor model (6;p, 6;¢) [C]//17*} IEEE

SEMI-THERM Symposium, San Jose, CA, USA. 2001:

134-144

[6] Muzychka Y S, Culham J R, Yovanovich M M. Thermal
Spreading Resistances in Rectangular Flux Channels Part
II-Edge Cooling [C]//36th AIAA Thermophysics Confer-
ence. Orlando, Florida, ATIAA 2003-4188

[7] Muzychka Y S, Culham J R, Yovanovich M M. Thermal
Spreading Resistance of Eccentric Heat Sources on Rect-
angular Flux Channels [J]. Transactions of the ASME,
2003, 125(22): 178-185

[4

[5



